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METHOD EVALUATING THRESHOLD
LEVEL OF A DATA CELL IN A MEMORY
DEVICE

BACKGROUND OF THE INVENTION

The present invention 1s directed to electrical memory
devices. By way of example and not by way of limitation,
the present imvention 1s advantageously employed with
EEPROM (Electronically Erasable Programmable Read
Only Memory) devices, apparatuses or products.

Electrical memory devices, such as EEPROMSs, are com-
monly used to store data in digital form. In mixed signal
circuitry (e.g., circuitry containing digital circuit sections
and analog circuit sections) such electrical memory elements
or storage elements may be used to store information that 1s
used to trim analog circuits or to calibrate sensor elements
interfacing with a circuit. The electrical memory devices are
therefore critical to the proper operation of circuits contain-
ing them, including digital circuits, analog circuits and
mixed circuits so that electrical memory devices must reli-
ably retain their programmed states over the lifetime of a
product containing them.

There 1s a need for a method by which a manufacturer can
verily that an electrical memory device 1s configured to
properly retain a programmed state before shipping the
device to a customer.

Because die space 1s such a premium 1n today’s smaller,
faster products, 1t 1s preferred that such a method {for
verification mimimally affect die area for 1ts implementation
and practice.

SUMMARY OF THE

INVENTION

A method evaluating threshold of a data cell 1n a memory
device including a programming locus coupled with the data
cell for receiving a programming signal setting a stored
signal level 1n the data cell and responding to a read signal
to indicate the stored signal at a read locus; includes the
steps of: (a) 1 no particular order: (1) selecting a test
threshold signal; and (2) setting a read signal at a non-read
level; (b) applying the test threshold signal to the program-
ming locus; (¢) cycling the read signal between a read level
and a non-read level while applying the test threshold signal
to the programming locus to present at least two test signals
at the read locus when the read signal 1s at the read level; and
(d) while cycling, observmg whether the at least two test
signals manifest a difference greater than a predetermined
amount.

It 1s, therefore, an object of the present invention to
provide a method by which a manufacturer can verily that an
clectrical memory device i1s configured to properly retain a
programmed state before shipping the device to a customer.

It 1s a further object of the present invention to provide a
method by which a manufacturer can verify that an electrical
memory device 1s configured to properly retain a pro-
grammed state that mimmally affects die area for 1ts 1imple-
mentation and practice.

Further objects and features of the present invention will
be apparent from the following specification and claims
when considered in connection with the accompanying
drawings, in which like elements are labeled using like
reference numerals 1n the various figures, illustrating the
preferred embodiments of the invention.
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2
BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 1s an electrical schematic diagram illustrating a
representative differential data element 1n an EEPROM
device.

FIG. 2 1s an electrical schematic diagram illustrating a
representative non-differential data element 1n an EEPROM
device.

FIG. 3 1s a flow diagram 1llustrating the method of the
present 1nvention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENT

T

FIG. 1 1s an electrical schematic diagram illustrating a
representative differential data element 1n an EEPROM
device. In FIG. 1, an electrical memory storage device 10 1s
representative of a single data element 1n an array of data
clements (not shown 1n FIG. 1) 1n, by way of example and
not by way of limitation, an EEPROM (Electronically
Erasable Programmable Read Only Memory) apparatus or

product. Memory storage device 10 includes a data cell 12
and a latch 14.

Data cell 12 includes NMOS transistors M1, M2 coupled
in parallel. Transistor M1 has a source 20, a gate 22 and a
drain 24. Transistor M2 has a source 30, a gate 32 and a drain
34. Drains 24, 34 are coupled with a ground 39. Program-
ming loci1 16, 18 receive programming signals. Program-
ming locus 16 receives programming signal DATA. Pro-
gramming locus 18 receives programming signal DATA, or
“not DATA”. Programming signal DATA 1s delivered to
gates 22, 32 wvia capacitors 26, 28. Programming signal

DATA is delivered to gates 22, 32 via capacitors 36, 38. In

the 1llustrative embodiment of memory storage device 10
presented in FIG. 1, capacitor 26 has much greater capaci-
tance than capacitor 36, and capacitor 38 has much greater
capacitance than capacitor 28. Because impedance of a
capacitor 1s 1nversely proportional to capacitance, the
capacitance mismatch in respective capacitor pairs 26, 36
and 28, 38 will present substantially all of programming
signal DATA to gate 32 and will present substantially all of
programming signal DATA to gate 22. When programming
signals DATA, DATA are applied to programming loc1 16,
18 data cell 12 1s programmed 1n a differential fashion
understood by those skilled 1in the art.

Latch 14 includes PMOS ftransistors M7, M8 coupled
between a voltage supply locus 41 and output loc1 43, 45,
Transistor M7 has a source 40, a gate 42 and a drain 44.
Transistor M8 has a source 30, a gate 52 and a drain 54.
Sources 40, 50 are coupled with voltage supply locus 41 and
receive a supply voltage V ., from voltage supply locus 41.
Gate 42 1s cross-coupled with drain 54. Gate 52 1s cross-
coupled with drain 44. Drain 44 1s coupled with output locus
43. Drain 54 1s coupled with output locus 45. PMOS
transistors M3, M6 are coupled with transistors M7, M8.
Transistor M3 has a source 60 coupled with source 40 of
transistor M7 and with voltage supply locus 41, a gate 62
coupled to receive a READ signal from a read signal 1mput
locus 65, and a drain 64 coupled with drain 44. Transistor
M6 has a source 70 coupled with source 50 of transistor M8
and with voltage supply locus 41, a gate 72 coupled to
receive a READ signal from read signal mput locus 65, and
a drain 74 coupled with drain 44.

An NMOS transistor M3 has a source 80 coupled with
drain 44, a gate 82 coupled with read signal input locus 65

and a drain 84 coupled with source 20. An NMOS transistor
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M4 has a source 90 coupled with drain 54, a gate 92 coupled
with read signal mput locus 635 and a drain 94 coupled with
source 30.

When read signal READ 1s high, transistors M3, M4 are
turned on and data cell 12 1s coupled with latch 14. Latch 14
and data cell 12 cooperate to present output signals OUT,
OUT at output loci 43, 45. When read signal READ is low,
transistors M3, M4 are ofl and data cell 12 may be pro-
grammed for later reading when read signal READ goes
high again. When read signal READ 1s low, transistors M35,
M6 cooperate to keep both sides of latch 14 (1.e., output loci
43, 45) at voltage V.

To program data cell 12, by way of example and not by
way of limitation, one of programming loci 16, 18 1s
grounded and a high programming voltage 1s applied to the
non-grounded programming locus 16, 18. By way of further
example and not by way of limitation, 1 a 35 volt logic
system with V,,, at 5 volts one may apply a programming
voltage of 20 volts to programming locus 18. The program-
ming ol data cell 12 depends upon threshold values of
transistors M1, M2 to ensure that the voltages present at
gates 22, 32 are not bled ofl or otherwise dissipated over
time. That 1s, the programmed voltages established at gates
22, 32 must remain substantially constant to ensure that
memory storage device 10 will provide proper output signals
OUT, OUT at output loci 43, 45 when read signal READ
goes high.

By way of example and not by way of limitation, a 5 volt
logic system programmed using a 20 volt programming
signal may establish a voltage level of approximately 4 volts
at one or both of gates 22, 32. An EEPROM or similar
memory product may contain several thousand or more
memory storage devices similar to memory storage device
10. Defects may occur that reduce the capability of a
particular transistor M1, M2 1n a particular memory storage
device 10 in an EEPROM or similar product to maintain a
charge of a particular level over time. Examples of such
defects may include, by way of example and not by way of
limitation, oxide deposition defects 1n gates 22, 32 or 1n one
or more of capacitors 26, 28, 36, 38. It would be usetful to
be able to test an EEPROM or similar product to evaluate the
capability of the product to properly indicate stored values
with reduced thresholds available at gages 22, 32. That 1s, 1t
would be useful to evaluate whether, in the event that
thresholds of gates 22, 32 are reduced from a design
threshold to a particular (test) threshold level, memory
storage device 10 will still indicate correct output signals
OUT, OUT at output loci 43, 45.

Memory storage device 10 may be tested vis-a-vis test
thresholds less than design thresholds by applying a reduced
threshold level signal at programming loc1 16, 18. By way
of example and not by way of limitation, one may eflect a
first observation of output signal OUT while no test signal
1s applied to programming loci 16, 18 (that 1s, DATA=
DATA=0) and read signal READ is high. A second test level
of test level signal of 2 wvolts (recall, as illustratively
described above, the design threshold 1s 4 volts) to program-
ming locus 18 while grounding programming locus 16 and
while read signal READ 1s high, then read signal READ 1s
cycled low and then read signal READ 1s reasserted high. A
second reading of output signal DATA 1s then observed. If
memory storage device 10 1s operating properly at the extant
test threshold voltage (1.e., 1n this example, 2 volts), the
values of output signal OUT will be substantially unchanged
for the first and second observations. That 1s, when values of
output signal OUT will be substantially unchanged for the
first and second observations one can inier that the program-
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ming charge at gates 22, 32 1s greater than the test value (in
this example the test value 1s 2 volts).

Then read signal READ may again cycled low and
reasserted high. A third reading of output signal OUT may
then be observed. If memory storage device 10 1s operating
properly at the extant test threshold voltage (i.e., 1 this
example, 2 volts), the values of output signal OUT will be
substantially unchanged for the first, second and third obser-
vations.

As a further test to provide additional assurance of the
accuracy of the test, by way of example and not by way of
limitation, one may eflect a first observation of output signal

OU'T while no test signal 1s applied to programming loci 16,

18 (that is, DATA=DATA=0) and read signal READ is high.
A second test level of test level signal of 2 volts (recall, as
illustratively described above, the design threshold 1s 4
volts) to programming locus 16 while grounding program-
ming locus 18 and while read signal READ 1s high, then read
signal READ 1s cycled low and then read signal READ 1s
reasserted high. A second reading of output signal OUT may
then be observed. If memory storage device 10 1s operating
properly at the extant test threshold voltage (i.e., 1 this
example, 2 volts), the values of output signal OUT will be
substantially unchanged for the first and second observa-
tions. That is, when values of output signal OUT will be
substantially unchanged for the first and second observations
one can infer that the programming charge at gates 22, 32 1s
greater than the test value (1n this example the test value 1s
2 volts).

Then read signal READ may again cycled low and
reasserted high. A third reading of output signal OUT may
then be observed. If memory storage device 10 1s operating
properly at the extant test threshold voltage (i.e., 1 this
example, 2 volts), the values of output signal OUT will be
substantially unchanged for the first, second and third obser-
vations.

Note that the first, second and third observations of an
output signal (either output signal OUT or output signal

OUT) are only made after read signal READ 1s asserted

from low to high. That 1s, the three readings are made with
programming signals DATA, DATA in the states of “00”,
“017, and “10”, but not when both programming signals
DATA, DATA are in a “1” state, where “1” represents a test
voltage being applied, and “0” represents ground in this
exemplary case.

Implementing the test of the present invention may be
cllected to verily that the threshold of transistors M1, M2 are
sufliciently programmed at the reduced test voltage level to
assure that data cell 12 will be capable of holding 1its
programmed value over the life of the product containming
memory storage device 10. Importantly, the test of the
present invention may be implemented without requiring
additional circuitry or having another impact upon die space
required for configuring memory storage device 10.

FIG. 2 1s an electrical schematic diagram illustrating a
representative non-differential data element 1n an EEPROM
device. In FIG. 2, an electrical memory storage device 100
1s representative of a single data element 1n an array of data
clements (not shown 1n FIG. 2) 1n, by way of example and
not by way of limitation, an EEPROM (FElectronically
Erasable Programmable Read Only Memory) apparatus or

product. Memory storage device 100 includes a data cell
112.

Data cell 112 1s embodied 1n an NMOS transistor M11.
Transistor M11 has a source 120, a gate 122 and a drain 124.
Drain 124 1s coupled with a ground 139. Programming loci
116, 118 receive programming signals. Programming locus
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116 receives programming signal DATA. Programming
locus 118 receives programming signal DATA(“not DATA”)
or —DATA. Providing memory storage device 100 with a
capability to receive both programming signals DATA,
DATA (or -DATA) permits memory storage device 100 to
be programmed with either a positive or a negative indica-
tion of a “1”. One of programming signals DATA, DATA is
delivered to gate 122 via capacitors 126, 136. In the 1llus-
trative embodiment of memory storage device 100 presented
in FIG. 2, capacitor 126 has much greater capacitance than
capacitor 136. Because impedance 1n a capacitor 1s inversely
proportional to capacitance, the capacitance mismatch in
capacitor pair 126, 136 will present substantially all of
programming signal DATA to gate 122. When one of
programming signals DATA, DATA is applied to one of
programming loc1 116, 118 and the other of programming
loc1 116, 118 1s grounded, data cell 112 1s programmed 1n a
non-differential fashion understood by those skilled in the
art.

PMOS transistor M71 1s coupled between a voltage
supply locus 141 and output locus 143. Transistor M71 has
a source 140, a gate 142 and a drain 144. Source 140 1is
coupled with voltage supply locus 141 and receives a supply
voltage V,, from voltage supply locus 141. Gate 142 1s
coupled with a bias locus 145 at which a bias voltage V5, , <
1s provided. Drain 144 1s coupled with output locus 143.

An NMOS transistor M31 has a source 180 coupled with
drain 144 of transistor M71, a gate 182 coupled with read
signal input locus 165 and a drain 184 coupled with source
120 of transistor M11.

When read signal READ 1s high, transistor M31 1s turned
on and transistor M71 couples supply voltage locus 141 with
transistor M11 1f bias voltage V,,, . 1s appropriate to turn on
transistor M7. Transistor M71 and transistor M11 cooperate
to present output signal OUT output locus 143. When read
signal READ is low, transistor M31 is ofl and transistor M11
may be programmed for later reading when read signal
READ goes high again.

To program data cell 12 (1.e., transistor M11), by way of
example and not by way of limitation, one of programming
loc1 116, 118 1s grounded and a high programming voltage
1s applied to the non-grounded programming locus 116, 118.
By way of further example and not by way of limitation, one
may use a S volt logic system with V., at S volts and apply
a programming voltage of 20 volts to programming locus
118. The programming of data cell 112 depends upon
threshold value of transistor M11 to ensure that the voltage
present at gate 122 1s not bled off or otherwise dissipated
over time. That 1s, the programmed voltage established at
gate 122 must remain substantially constant to ensure that
memory storage device 100 will provide proper output
signal OUT output locus 143 when read signal READ goes
high.

By way of example and not by way of limitation, a 5 volt
logic system programmed using a 20 volt programming
signal will establish a voltage level at gate 122 of approxi-
mately 4 volts. An EEPROM or similar memory apparatus
or product may contain several thousand or more memory
storage devices similar to memory storage device 100.
Defects may occur that reduce the capability of a particular
transistor M11 1n a particular memory storage device 100 in
an EEPROM or similar apparatus or product to maintain a
charge of a particular level over time. Examples of such
defects may include, by way of example and not by way of
limitation, oxide deposition defects 1n gate 122 or 1n one or
more of capacitors 126, 136. It would be usetul to be able to
test an EEPROM or similar apparatus product to evaluate
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the capability of the apparatus or product to properly indi-
cate stored values with a reduced threshold available at gate
122. That 1s, 1t would be usetful to evaluate whether, in the
event that threshold of gate 122 1s reduced from a design
threshold to a particular (test) threshold level over time or
because of another reason, memory storage device 100 wall
still indicate correct output signal OUT output locus 143.

Memory storage device 100 may be tested vis-a-vis test
thresholds less than design thresholds by applying a reduced
threshold level signal at programming loc1 116, 118. By way
of example and not by way of limitation, one may eflect a
first observation of output signal OUT while no test signal
1s applied to programming loci 116, 118 (that 1s, DATA=
DATA=0) and read signal READ is high. A second test level
of test level signal of 2 wvolts (recall, as 1illustratively
described above, the design threshold 1s 4 volts) to program-
ming locus 118 while grounding programming locus 116 and
while read signal READ 1s high, then read signal READ 1s
cycled low and then read signal READ 1s reasserted high. A
second reading of output signal DATA 1s then observed. If
memory storage device 100 1s operating properly at the
extant test threshold voltage (1.e., in this example, 2 volts),
the values of output signal OUT will be substantially
unchanged for the first and second observations. That 1s,
when values of output signal OUT will be substantially
unchanged for the first and second observations one can
infer that the programming charge at gate 122 1s greater than
the test value (1n this example the test value 1s 2 volts).

Then read signal READ may again cycled low and
reasserted high. A third reading of output signal OUT may
then be observed. If memory storage device 100 1s operating
properly at the extant test threshold voltage (i.e., 1 this
example, 2 volts), the values of output signal OUT will be
substantially unchanged for the first, second and third obser-
vations.

As a further test to provide additional assurance of the
accuracy of the test, by way of example and not by way of
limitation, one may eflect a first observation of output signal
OUT while no test signal 1s applied to programming loci
116, 118 (that is, DATA=DATA=0) and read signal READ is
high. A second test level of test level signal of 2 volts (recall,
as illustratively described above, the design threshold 1s 4
volts) to programming locus 116 while grounding program-
ming locus 118 and while read signal READ 1s high, then
read signal READ 1s cycled low and then read signal READ
1s reasserted high. A second reading of output signal OUT
may then be observed. II memory storage device 10 1s
operating properly at the extant test threshold voltage (i.e.,
in this example, 2 volts), the values of output signal OUT
will be substantially unchanged for the first and second
observations. That 1s, when values of output signal OUT will
be substantially unchanged for the first and second obser-
vations one can infer that the programming charge at gate
122 is greater than the test value (1n this example the test
value 1s 2 volts).

Then read signal READ may again cycled low and
reasserted high. A third reading of output signal OUT may
then be observed. If memory storage device 100 1s operating
properly at the extant test threshold voltage (i.e., 1 this
example, 2 volts), the values of output signal OUT will be
substantially unchanged for the first, second and third obser-
vations.

Note that the first, second and third observations of an
output signal OUT are only made after read signal READ 1s
asserted from low to high. That 1s, the three readings are
made with programming signals DATA, DATA in the states
of “00”, “01”, and “10”, but not when both programming
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signals DATA, DATA are in a “1” state, where “1” represents
a test voltage being applied, and “0” represents ground 1n
this exemplary case.

Implementing the test of the present invention may be
cllected to verity that the threshold of transistor M11 1is
suiliciently programmed at the reduced test voltage level to
assure that data cell 112 will be capable of holding 1its
programmed value over the life of the product containing,
memory storage device 100. Importantly, the test of the
present invention may be implemented without requiring
additional circuitry or other impact upon die space required
for configuring memory storage device 100.

Memory storage device 100 may, alternatively, be con-
figured without transistor M31. In such a configuration, bias
signal V 5, , - may be effectively used in lieu of a read signal.
That 1s, bias signal V,,,. may be varied to render transistor
M71 conductive or non-conductive, thereby controlling con-
nection of voltage source locus 141 with transistor M11 and
output locus 143.

The method of the present invention has been described in
connection with FIGS. 1 and 2 as 1t may be employed to
evaluate performance of a memory storage device at a given
threshold level, 1.e., a test threshold. Another useful employ-
ment of the method of the present invention 1s to evaluate a
memory storage apparatus or product that incorporated a
plurality of memory storage devices 10, 100 (FIGS. 1 and 2).
By stepping the test threshold voltage value to successively
lower voltage levels, one may use the method of the present
invention to incrementally test a device, apparatus or prod-
uct to ascertain the actual threshold value extant for indi-
vidual data cells in a memory storage apparatus or product
employing a plurality of memory storage devices 10, 100
(FIGS. 1 and 2). Further, by using such a stepwise variation
of threshold test levels, one may employ the method of the
present invention to evaluate an entire memory storage
apparatus or product to learn whether threshold values of
individual memory storage devices 10, 100 are dependent
upon certain factors such as location 1n a layout, proximity
to heat-producing components or other design or construc-
tion factors related to a product or apparatus that icludes
memory storage devices 10, 100.

FIG. 3 1s a flow diagram illustrating the method of the
present invention. In FIG. 3, a method 200 for evaluating a
threshold level of a data cell structure 1n an electrical
memory storage device begins at a START locus 202. The
clectrical memory storage device includes at least one
programming locus coupled with the data cell structure for
receiving at least one programming signal for setting a
stored signal level 1n the data cell structure. The electrical
memory storage device responds to a read signal at a
predetermined read signal level to indicate the stored signal
level 1n an output signal at a read output locus. Method 200
continues with, in no particular order: (1) selecting at least
one test threshold signal level, as indicated by a block 204;
and (2) setting the read signal at a non-read signal level other
than the predetermined read signal level, as indicated by a
block 206.

Method 200 continues with applying the at least one test
threshold signal level to the at least one programming locus,
as 1ndicated by a block 208. Method 200 continues with
ellecting a cycling of the read signal between the non-read
signal level and the predetermined read signal level while
applying the at least one test threshold signal level to the at
least one programming locus to present at least two test
signals at the read output locus, as indicated by a block 210.
While eflecting the cycling, method 200 continues with
observing whether the at least two test signals manifest a
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difference greater than a predetermined amount, as indicated
by a block 212. Method 200 terminates at an END locus 214.

It 1s to be understood that, while the detailed drawings and
specific examples given describe preferred embodiments of
the mvention, they are for the purpose of illustration only,
that the apparatus and method of the invention are not
limited to the precise details and conditions disclosed and
that various changes may be made therein without departing
from the spirit of the invention which 1s defined by the
tollowing claims:

We claim:

1. A method for evaluating a threshold level of a data cell
structure 1n an electrical memory storage device; said elec-
trical memory storage device including at least one pro-
gramming locus coupled with said data cell structure for
receiving at least one programming signal for setting a
stored signal level 1n said data cell structure; said electrical
memory storage device responding to a read signal at a
predetermined read signal level to indicate said stored signal
level 1 an output signal at a read output locus; the method
comprising the steps of:

(a) 1n no particular order:

(1) selecting at least one test threshold signal level; and

(2) setting said read signal at a non-read signal level
other than said predetermined read signal level;

(b) applying said at least one test threshold signal level to
said at least one programming locus;

(¢) eflecting a cycling of said read signal substantially
between said predetermined read signal level and said
non-read signal level while applying said at least one
test threshold signal level to said at least one program-
ming locus to present at least two test signals at said
read output locus when said read signal 1s substantially
at said predetermined read signal level; and

(d) while eflecting said cycling, observing whether said at
least two test signals manifest a diflerence less than a
predetermined amount at an output node of the elec-
trical memory storage device to verily proper operation
of said electrical memory storage device.

2. A method for evaluating a threshold level of a data cell
structure 1n an electrical memory storage device as recited 1n
claim 1 wherein said at least one test threshold signal level
comprises a first test threshold signal level applied to a first
programming locus of said at least one programming locus
and a second test threshold signal level applied to a second
programming locus of said at least one programming locus.

3. A method for evaluating a threshold level of a data cell
structure 1n an electrical memory storage device as recited 1n
claiam 2 wherein said second test threshold signal level is
substantially at electrical ground level.

4. A method for evaluating a threshold level of a data cell
structure 1n an electrical memory storage device as recited 1n
claim 2 wherein said first test threshold signal level and said
second test threshold signal level are substantially equal 1n
magnitude and opposite 1n polarity.

5. A method for evaluating a threshold level of a data cell
structure 1n an electrical memory storage device as recited 1n
claam 1 wherein said cycling operation comprises setting
said read signal substantially at said predetermined a first
signal level, then resetting said read signal substantially at
said non-read signal level and then returning said read signal
substantially to said predetermined a first signal level.

6. A method for evaluating a threshold level of a data cell
structure 1n an electrical memory storage device as recited 1n
claim 5 wherein said at least two test signals 1s three test
signals.
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7. A method for evaluating a threshold level of a data cell
structure 1n an electrical memory storage device as recited 1n
claim 6 wherein said difference 1s substantially zero.

8. A method for evaluating a threshold level of a data cell
structure 1n an electrical memory storage device as recited 1n
claiam 2 wherein said cycling operation comprises setting
said read signal substantially at said predetermined a first
signal level, then resetting said read signal substantially at
said non-read signal level and then returning said read signal
substantially to said predetermined a first signal level.

9. A method for evaluating a threshold level of a data cell
structure 1n an electrical memory storage device as recited 1n
claim 8 wherein said at least two test signals 1s three test
signals.

10. A method for evaluating a threshold level of a data cell
structure 1n an electrical memory storage device as recited 1n
claim 9 wherein said difference 1s substantially zero.

11. A method for evaluating whether a data cell 1n an
clectrical memory storage device will operate properly with
a reduced threshold; said electrical memory storage device
including at least one programming locus coupled with said
data cell for receiving at least one operational programming
signal for setting a stored signal level 1n said data cell while
operating said electrical memory storage device; said elec-
trical memory storage device responding to a read signal at
a predetermined read signal level to indicate said stored
signal level at a read output locus; the method comprising
the steps of:

(a) 1n no particular order:

(1) selecting at least one test threshold signal; said at
least one test threshold signal having a signal level
less than said operational programming signal; and

(2) setting said read signal at a non-read signal level
other than said predetermined read signal level;

(b) applying said at least one test threshold signal to said
at least one programming locus;

(c) eflecting a cycling of said read signal substantially
between said predetermined read signal level and said
non-read signal level while applying said at least one
test threshold signal level to said at least one program-
ming locus to present at least two test signals at said
read output locus when said read signal 1s substantially
at said predetermined read signal level; and

(d) while eflecting said cycling, observing whether said at
least two test signals manifest a difference greater than
a predetermined amount.

12. A method for evaluating whether a data cell 1n an
clectrical memory storage device will operate properly with
a reduced threshold as recited 1n claim 11 wherein said at
least one test threshold signal comprises a first test threshold
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signal at a first test threshold signal level applied to a first
programming locus of said at least one programming locus
and a second test threshold signal level at a second test
threshold signal level applied to a second programming
locus of said at least one programming locus.

13. A method for evaluating whether a data cell i an
clectrical memory storage device will operate properly with
a reduced threshold as recited in claim 12 wherein said
second test threshold signal level 1s substantially at electrical
ground level.

14. A method for evaluating whether a data cell in an
clectrical memory storage device will operate properly with
a reduced threshold as recited 1n claim 12 wherein said first
test threshold signal level and said second test threshold
signal level are substantially equal 1n magnitude and oppo-
site 1n polarity.

15. A method for evaluating whether a data cell i an
clectrical memory storage device will operate properly with
a reduced threshold as recited in claam 11 wherein said
cycling operation comprises setting said read signal sub-
stantially at said predetermined a first signal level, then
resetting said read signal substantially at said non-read
signal level and then returming said read signal substantially
to said predetermined a first signal level.

16. A method for evaluating whether a data cell in an
electrical memory storage device will operate properly with
a reduced threshold as recited in claim 15 wherein said at
least two test signals 1s three test signals.

17. A method for evaluating whether a data cell in an
clectrical memory storage device will operate properly with
a reduced threshold as recited in claim 16 wherein said
difference 1s substantially zero.

18. A method for evaluating whether a data cell i an
clectrical memory storage device will operate properly with
a reduced threshold as recited in claim 12 wherein said
cycling operation comprises setting said read signal sub-
stantially at said predetermined a first signal level, then
resetting said read signal substantially at said non-read
signal level and then returming said read signal substantially
to said predetermined a first signal level.

19. A method for evaluating whether a data cell in an
clectrical memory storage device will operate properly with
a reduced threshold as recited in claim 18 wherein said at
least two test signals 1s three test signals.

20. A method for evaluating whether a data cell 1n an
clectrical memory storage device will operate properly with
a reduced threshold as recited in claim 19 wherein said
difference 1s substantially zero.
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